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METHOD FOR MANUFACTURING BASE MATERIAL FOR OPTICAL FIBER., 

APPARATUS THEREFOR/ 
AND 

5 BASS MATERIAL MANUFACTURED BY THE SAMS 



This patent application claims priority based on a Japanese 
patent applications: Hll-341616 and Hll-341834 both filed. OH 
December 1, 1999; Hll-359202 filed on December 17, 1999 ; 
10 2000-17021 filed on January 26, 2000; 2000-47135 fi led on February 
24, 200U-; 2000-100418 filed on April 3, 2000; 2000-102643 filed 
on April 4, 2000; and 2000-119186 filed on April 20, 2000, the 
contents of which are incorporated herein by reference. 

J3l5 BACKGROUND OP THE INVENTION 

'•™J 1. Field of the Invention 



CP The present invention relates to a method for manufacturing 

;\20 base material for an optical fiber, an apparatus therefor, and 
ni a base manufactured by the same. 

2 . Description of the Related Art 

25 An optical fiber is generally manufactured as follows. 

There is called as VAD method in which a porous base material is 
obtained such that particles of S1O2 made from material gas, for 
instance Si04, subjected to hydrolysis with oxy hydrogen flam® are 
deposited on an initial material being moving up while rotating. 

30 In another called OVD method, a porous base material is obtained 
such that particles of SiOo made from material gas, for instance 
si04 , subjected to hydrolysis with oxyhydrogen flame from a burner 
movable relatively to an initial material are deposited on the 
initial material being rotating. still further, there is called 

35 as MCVD method in which a material gas flows into a cladding 
material of a quartz tube or the like and the gas is subjected 
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to reaction and deposition therein. Then, while a hanging 
rncchanism is hanging the base material thus obtained, the bass 
material is subjected to heating and dehydrating to vitrify, so 
that a preform for an optical fiber is manufactured. Finally, 
5 an optical fiber* is obtained by drawing the preform thus 
manufactured. 

During these manufacturing process, the natural frequency 
for rotation of the soot deposited material being deposited the 
10 soot on the initial material shifts from lower co higher as the 
soot deposited material is growing up. When the natural frequency 
reaches up to integer times a.s much as the rotation number of the 
rotary shaft, the growing point positioned at the lower end 
portion of the soot material starts swinging in great measure, 
■^15 so that it is difficult to uniformly deposit glass particles 
pll thereon. Consequently, un desired singularities generates in 

%- the soot deposited material . It is problematic that an optical 

^ fiber obtained by drawing a preform formed by vitrifying such a 
ijl soot deposited material has unstable characteristics in the 
; 5 20 length direction of the preform, as the cutoff wave length and 
?H the mode field diameter thereof extremely vary at the 
Q singularities/ as well as the polarised mode dispersion for an 
optical signal transmitting within the optical fiber becomes 
□ large. Especially, the polarized made dispersion gets more 
25 important issue as the transmission density of signals become 
larger for an optical fiber. 

It is found, by the number of research, that: che polarized 
mode dispersion is caused by birefringence in the core of the 
30 optical fiber, and the birefringence is caused to non-circular 
shape of the core, the coating layer coating on the optical fiber, 
stress within the optical fiber due to status and bending of the 

cable - 

35 It is thought the cause of the non-circular shape of the 

core or the cladding is, for inst&nct, swings or uneven rotations 
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of the soot deposited material during manufacturing. 

Generally, with respect to generating the swing, in case 
that a fear is hung at the upper end thereof, a swingy rotation 
5 occurs at the lower end o£ the bar whan the rotary axis of the 
bar deviates from the central axis of the bar. 

More derail will be explained, referring to Figs. 1 and 2A 
to 2C. Fig. 1 illustrates a condition that an mitral material 

10 2 is hung by an upper portion of a support shaft 1 . This is an 
example- case that the central a^cis of the initial material 2 
displaces from the rotary axis of the support shaft 1 . The 
centrifugal force fs at the angular speed o acts on the weight 
center C of the initial material 2 , so that thQ swing occurs at 

IB the lower end of the initial material 2 in the direction of arrow 
in Fig . 1 , Figs , 2A shows a condition immediately after attaching 
the initial material 2 to the lower end portion of the support 
shaft 1, and wherein the central axis of the initial material 2 
deviates from the rotary axis of the support shaft 1 by an angle 

20 &. Fig. 2B illustrates a condition that balance is made by flexing 
the support shaft 1- Fig. 2C shows a condition that the lower 
end portion of the initial material 2 swings in the arrowed 
direction while the support shaft 1 is rotating. As described, 
when the central axis of the initial material 2 deviates from the 

25 rotary axis of the support shaft 1, the support shaft 1 having 
rigidity bends until the initial material 2 stands still at the 
moment balanced position. Under this condition, the lower end 
portion of the initial material 2 has the swing having the width 
S during rotation. 

30 

As manufacturing the optical fiber base material, when the 
swing of the lower end portion the initial material 2 during the 
VAD or OVD method occurs but has the relatively small width, glass 
particles are deposited eccentrically with respect to the center 
35 of the initial material . On the other hand, the swing is the 
relatively large width, the soot deposited material, which is 
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growing glass particles up on the initial material, is forced no 
swingy rotate extremely in the circumferential direction. 

Furthermors, as heating and sintering to vitrify the porous 
5 glass base material , if the lower end of the base material swings, 
the distance between the base material and the heat source varies, 
so that the received quantity of heat varies in ths 
circumferential direction. Consequently, the vitrifying speed 
of ths base material varies in the diameter direction, so that 
10 the initial material is positioned in the eccentric manner for 
the major diameter of the preform thus obtained, 

SUMMARY OP THE INVENTION 

15 Therefore, it is an object of the present: invention to 

provide a method for manufacturing base material for an optical 
fiber , an apparatus cherefor, and base manufactured by the same 
which overcome the above issues in the related art. This object 
is achieved by combinations described in the independent claims. 
20 The dependent claims define further advantageous and exemplary 
combinations of the present invention- 

According to the first aspect of the present invention, a 
method for manufacturing a base material for an optical fiber, 
25 comprises steps of: holding a bar material by a support member; 
and adjusting to reduce a difference between an axis o£ the bar 
material and a rotational axis of the support member. 

According to the second aspect of the present invention, 
30 a method for manufacturing a base material for an optical fiber, 
comprises steps of; holding a bar material by a support member ; 
rotating a bar material as a unit with the support member; and 
regulating a movement of the unit of the bar material and the 
support shaft, the movement being perpendicular to a direction 
35 of a rotation axis of the unit of the bar material and the support 

member . 
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In che methods as described above, the adjusting seep or 
the regulating step may include a. step af forming conical portions 
at both end portions of the base material, each of the conical 
5 portions having a rotational axis being coincide with a center 
of a perfect circle on a core. 

The methods as described above may further includes steps 
of ; maintaining a position of the bar material for a predetermined 
10 period from reaching a sintering area up no a sintering 
temperature; and starting a sintering process after the 
maintaining step. 

The method as described above may further include a susp 
Q15 of etching the base materials wherein a direction of a maximum 
diameter of the base material with respect to a section 
perpendicular to the aucis of the base material is perpendicular 

to a etchant surface. 

:s 20 According to the third aspect of the present invention, an 

~ optical fiber base material grasping apparatus for holding a bar 
2 material having an axis, comprises; a support member having a 
^ center axis, the support member being rotatable around the center 
^ axis ; and an adjusting mechanism for reducing a difference between 
25 the axis of the bar material and the central axis of the support 
member . 

According to the fourth aspect of the present invention, 
an optical fiber base material grasping apparatus for holding a 

30 bar material having an axis, comprises: a support member holding 
the bar material, the support member having an axis around which 
the support member is rotatable; and a swing suppressing mechanism 
wherein the swing suppressing mechanism regulates a movement 
being perpendicular to the axis of the support member during 

35 rotating the bar material along with the support member. 
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This summary of the invention does not necessarily describe 
all necessary features of the present: invention. The present 
invention may also be a sub- combination of the above described 
features. The above and other features and advantages of the 
5 present invention will become more apparent from the following 
description of embodiments taken in conjunction with the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

Fig. 1 illustrates moments of force for a swingy rotation 
movement during rotation of an initial member hung by a support 
shaft . 

Figs. 2A to 2C shows a swingy rotation movement along with 
□ 15 rotation of an initial member hung by a support shaft with a certain 
deviation. 

Fig. 3 illustrates an example of a manufacturing apparatus 
for an optical fiber base material, according to a first 
; embodiment of the present invention. 

20 Fig. 4 illustrates that a soot deposited material swings. 

= Fig. 5 shows a diagram of relationship between a swing width 

| of a soot deposited material and polarized mode dispersion. 
I Fig. 6 shows a diagram of relationship between an uneven 

\ rotation of a soot deposited material and polarized mode 
25 dispersion. 

Fig. 7 illustrates guide rollers serving as an example Of 

a swing suppressing mechanism according to the first <smbodiment 

of the present invention. 

Fig. 8 illustrates a swing suppressing plate serving as 
30 another example of a swing suppressing mechanism according to the 

first embodiment of the present invention. 

Figs, 9A and 9B show a gas jetting as a further example of 

a swing suppressing mechanism according to the first embodiment 

of the present invent ion - 
35 Fig. 10 shows a diagram of relationship among a optical 

fiber length, a cutoff wave length and a mode field diameter. 

SH-0022 
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Fig. 11 illustrates flatness for explaining a concept 
thereof , 

Fig. 12 shows a diagram of a variation of rotation number 
with respect to time according to Example 5 of the present 
5 invention. 

Pig. 13 shows a diagram of a variation of rotation number 
with respect to time according to Comparative Example 2. 

Fig. 14 shows a diagram of a variation of depositing amount 
of glass particles for a moment, according to Example 7 of the 
10 present invention. 

Fig. IS shows a diagram of flatness according to the Example 
7 of the present invention. 

Fig. 16 shows a diagram of flatness according to Comparative 
Example 3 . 

Pig. 17 illustrates a rotatable structure according to a 
: y = second embodiment of the present invention. 

V= Figs. ISA and 18B shows the rotatable structure as shown 

y in Fig. 17 enlarged: Fig. 18A is a front sectional view thereof; 

and Fig. isb is a side view thereof. 
-20 Figs. 19A to 19C illustrate arrangements of rotary shafts 

iZ as examples of a rotatable structure according to the second 
q embodiment of the invention. 

: "'f Figs. 2 OA to 2 0D shows manufacturing stages using a 

rotatable structure according to the second embodiment of the 
25 invention. 

Figs . 21A to 2 ID shows manufacturing stages using a grasping 
structure according to comparative examples. 

Fig. 22 illustrates a porous glass material sintering 
apparatus to which a third embodiment of the present invention 
30 is applied. 

Fig. 23 illustrates a perspective view in part of the porous 
glass material sintering apparatus to which the third, embodiment 
of the present invention is applied. 

Fig. 24 illustrates a sectional view of a hanging tool for 
35 a porous glass base material according to a fourth embodiment of 
the present invention. 

SH-D022 
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Fig. 25 illustrates a sectional view in part of the hanging 
tool for a porous glass base material according to the fourth 
embodiment of the invention. 

Fig. 26 shows a correlation of a. maximum eccentricity at 
5 sintering, with an angle Q between a slanting surface forming a 
pyramid recess portion and a side surface of a glass rod. 

Fig. 27 illustrates another sintering apparatus to which 
che fourth embodiment: cf the invention is applied. 

Fig, 2 8 shows a diagram -of a distribution cf a refractive 
10 index difference An (3) with respect to the length direction of 
a glass base material for an optical fiber. 

Figs, 2 9A to 2 9C shows a method for immersing in an etchant 
according to a fifth embodiment of the present invention. 
; «5 Fig- 3 0 shows a diagram of the relationship between the 

hQ15 immersing speed, i.e. the etching surface up speed V and the 
,J: immersing depth, i.e. the immersed length of the base material 
y d, according to Example 12. 

l fi Fig. 31 illustrates an example of a base material 

S manufacturing apparatus . 

]i 20 Fig. 22 illustrates a front view of a taper grinder, showing 

1=5 3 a condition that an end portion of a base material is ground to 
Q have a conical shape, according to a sixth embodiment of the 
^ present invention. 

i"4 Fig. 33 illustrates a plan view of an orientation flat 

25 formed on a taper portion, according to the sixth embodiment. 

Fig. 34 illustrates a front view of a condition that the 
circumf ereat ietl surface of the large diameter portion of a base 
material is smoothly ground by a columned grinder, according to 
the si^cth embodiment. 

30 Fig. 35 illustrates a side view of a condition that the 

circumferential surface of the large diameter portion of a base 
material is smoothly ground, according to the sixth embodiment. 

Fig. 36 illustrates a plan view of a condition that the 
circumferential surface of the large diameter portion of a base 
35' material is smoothly ground, according to the sixth embodiment. 

Pig. 37 shows a diagram of measured results of optical 

SH-0022 



99/11 "d ^06 'ON 



UmiA QOCtfUMflft? 



10 



characteristics of Example 13 and Comparative Example 10 . 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will now he described based on the preferred 
embodiments, which do not intend to limit the scope of the present 
invention, but exemplify the invention. All of the features and 
the combinations thereof described in the embodiment: are not 
necessarily essential to the invention. 



Fig. 2 is a explanatory figure illustrating an example of 
a manufacturing apparatus for an optical fiber base material, 
according to the first embodiment of the present invention. In 
, Fig. 3, an end portion of a support shaft 1 grasps a soot deposited 

115 material 4 which is of a bar material, and the other end portion 
* of the support shaft 1 connects to a motor 6 . A swing suppressing 
j mechanism 3 is provided with respect to the support shaft 1. The 
J motor 6 drives to rotate the support shaft l grasping the soot 
5 deposited material 4 with a predetermined speed while the rotation 
20 is regulated by the swing suppressing mechanism 3 , Under this 
Jl condition, glass particles being supplied from a burner 5 are 
;J; deposited to the soot deposited material 4 hanged by the support 
^ mateorial 1 - 

25 Fig. 4 illustrates that the soot deposited material 4 swings 

by the width L with respect to the gravity direction G while the 
soot deposited material 4 is being rotated around the rotational 
axis R . 

SO Inventors of the present invention have found that the 

optical fiber obtained by being subjected to a transparent 
vitrifying process and elongation process of the soot deposited 
material 4 which grows up with such a swing has the large value 
of the polarized mode dispersion, almost in proportion to the 

35 width of the swing, as shown in Pig . 5. Furthermore , the inventors 
have found that the soot deposited material 4 growing up with an 
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uneven rotation has the large value of the polarised mode 
dispersion of the obtained optical fiber as well as Che swing, 
almost in proportional to the degree of the uneven rotation, as 
shown in Fig. 6, 

5 

Accordingly, it has been found that it is quite effective 
to suppress the swing and the uneven rotation of the soot deposited 
material 4 in order to make the polarized mode dispersion small. 

10 In Fig- 5, the lateral axis thereof shows the ratio (%} of 

the swing width to the diameter of the soot deposited material » 
In Fig- 6, the lateral axis thereof shows the ratio (%) of the 
variation width of the uneven rotation with respect to the mean 
rotation number of the soot deposited material. 

3 15 

More specifically, the swing suppressing mechanism 3 is of 
I/} a mechanism to reduce the swing at the growing portion. Of Che soot 

UJ deposited material 4, The swing suppressing mechanism 3 
S according to the present embodiment of the invention provides with 
: S 20 a direct contact with the support shaft 1, or a gas jet to the 
Jr; soot deposited material 4 or the support shaft 1 . According to 
r~| providing with the swing suppressing mechanism 3 of the present 
M- embodiment, the swing at the growing portion can be suppressed 
as well as a singular point can be prevented from generating 
25 because the natural frequency of the unit of the soot deposited 
material along with the support shaft shifts higher. 

For instance, guide rollers 11 ass shown in Fig. 7 or a plate 
member as shown in Fig. 8 is applicable to making a direct contact 
30 with the support shaft 1 so as to suppress the swing. 

In Fig. 7, a pair of the guide rollers 11 are attached to 
respective roller holders 12 . The guide rollers 11 makes a direct 
contact with the support shaft l while the support shaft 1 is moving 
35 up between the guide rollers 11 so that the swing at the growing 
portion of the soot deposited material 4 ia suppressed. 

SH-0022 
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In Fig. S, the swing suppressing plate 21 has a hole which 
is tiny larger than, the diameter of che support shaft 1, The 
support shaft 1 is put into the hole of the swing suppressing plate 
5 21, and a gap between the hole and the support shaft 1 is stuffed 
with a filler 22 comprising a resin having a low fractional 
characteristic, for instance TEFLON, The shape of the swing 
suppressing plate 21 is preferably a circle so as to give a uniform 
force to the peripheral o£ the support shaft l. The material of 
10 the swing suppressing plate 21 may be made of metal/ resin or the 
like, and more preferably, Ni or vinyl chloride. 

With respect to the position of the guide rollers 11 or the 
swing suppressing place 21, the position, which is set between 
i,rU5 the upper end and the lower snd of the support shaft 1, is suitably 
^ determined in view of the swing suppression effect or the utility 
=Jh of uaking out the sao" deposited material. 

S ; Moreover, in case of applying s. direct contact with the 

s 20 support shaft 1 so as to suppress the swing, surplus glass 
jr; particles sticking to the support shaft 1 may probably is peeled 
□ off by guide rollers 11 or a swing suppressing plate 21 of a swing 
^ suppressing mechanism 3, and the surplus particles thus peeled 
off may probably stick again to the soot deposited material 4 and 
25 make foams. Accordingly, it is preferable to provide with an 
exhaust duct below the guide rollers 11 or the swing suppressing 
plate 21 of the swing suppressing mechanism 3 - 

In case of applying a gas jet so as to suppress the swing, 
30 in Fig- SA, for instance, an apparatus may include a gas intake 
31 and a gas jet nozzle 32. The gas jet apparatus makes a gas 
supplied through the gas intake 31 blow at the soot deposited 
material 4 and/or the support shaft 1 via gas jet nozzle 32, 

35 The material o£ the gas may be made of Ar, N2, air or the 

like, and air may be most preferable in view of cost. 
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Moreover/ an object: at: which the gas blows, which may he 
the soot deposited material 4 as well as the support shaft 1 on 
the contrary to the case of the direct contact described above, 
5 is suitably determined in view of the swing suppression effect 
or the airflow within the chamber. 

The position of blowing the gas at an object , the support 
shaft for instance, may be arranged so as to give a uniform force 
10 to the peripheral of the object. Preferably, a swing suppressing 
mechanism 3 includes a gas intake 31 and gas jet nozzles 3 2 arranged 
at a doughnut shape portion. In this case, the object, that is 
the soot deposited material 4 or the support shaft 1, is to be 
installed in the a^rm^r space of the swing suppressing mechanism 
□ 15 3 so that the gas uniformly blows at the peripheral of the object. 

A glass base material manufacturing apparatus further 
includes a rotation controlling mechanism so as to suppress an 
uneven rotation during rotation of the support shaft hanging a 
; 20 bar material which is, for example an initial material or a soot 
;f; deposited material* 

Especially / the rotation controlling mechanism and method 
2 therefor may be applied to case where the depositing speed at the 
25 moment of glass particles is large since the degree of flatness 
of a porous glass base material is liable to deteriorate caused, 
by uneven rotation, 

A method for controlling the uneven rotation may include 
30 steps of detecting the uneven rotation from measurement of the 
rotation speed, and feeding it back to the motor. A method for 
preventing for the number of rotation variation from coinciding 
with integer number for one rotation of the soot deposited 
material may include a step of giving a random signetl to the motor. 

35 

In the present smbodxment of the invention, th© variation 
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of the rotation speed is regulated within 1.8% for the 
predetermined rotation number when the depositing speed at the 
moment of glass particles is equal to or larger than 8 g/sec, 
Accordingly, the variation of thickness at small regions in che 
5 deposit layer becomes equal to or smaller than l.S% whole over 
the deposit layer. In this disclosure, the unevenness of rotation 
speed with respect to the predetermined value is represented by 
a ratio of the difference between the maximum and minimum speeds 
to the predetermined speed. The variation of rotation speed is 
10 represented by (((the maximum rotation number)- (the minimum 
rotation number} ) / (the predetermined rotation number) ) *1QQ (%) . 

Consequently, the surface condition of the soot deposited 
material growing up with che prescribed glass particles is good 
3 15 in the length direction as well as the rsdial direction. The 
^ surface condition is represented by the degree of flatness. As 

B 3 shown in Fig. 11, the degree of flatness is expressed by a deviation 
J from a perfect circle by which a cut section shape of the obnect, 
1 that is, the soot deposited material , optical fiber base material, 
20 or quartz tube, is approximated. In Fig. 11, the symbol ( + ) 
7! indicates the actual surface being outside the perfect circle 

1 (convex) , and the symbol (-) indicates the actual surface being 
^ inside the perfect circle (concave) . 

25 The quartz tube or optical fiber which is obtained after 

a transparent vitrifying process on the soot deposited material 
having the good surface flatness has the good circularity/ and 
no variation of the cutoff wavelength nor mode field diameter 

occurs . 

30 

Examples according to the present embodiment of the 
invention will be explained. However, the present invention is 
not limited to theae examples. 

35 EXAMPLE 1 

An optical fiber base material was manufactured via VAD 
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method/ using an optical fiber manufacturing apparatus, as shown 
in Fig, 7. In the optical fiber manufacturing apparatus, guide 
rollers were positioned between upper and lower ends of a support 
shaft which moved up while rotating. 

5 

Under this conditions, no singular point was found in the 
optical fiber base material thus manufactured. As shown in Fig. 
10, the cutoff wave length (he) and mode field diameter (MFD) of 
the optical fiber obtained by drawing the above base material 
1Q indicated the stable characteristic along the length direction* 



EXAMPLE 2 

An optical fiber base material was manufactured via VAD 
method, using another optical fiber manufacturing apparatus , as 
u q15 shown in Pig- 8. In the optical fiber manufacturing apparatus, 
a disk shape plate having a hole being little larger than a support 
shaft was positioned between upper and lower ends of the support 
Uj shaft which moved up while rotating, the support shaft was 
2 inserted into the hole of the disk shapo, and a gap batween the 
s 20 disk shape plate and the support shaft therein was stuffed with 
If: TEFLON . 

M; Under this conditions, no singular point was found in the 

optical fiber base material thus manufactured. As shown in Fig. 
25 10, the cutoff wave length (X c ) and mode field diameter (MFD) of 
tiie optical fiber obtained by drawing the above base material 
indicated the stable characteristic along the length direction. 



EXAMPLE 3 

30 An optical fiber base material was manufactured via VAD 

method, using another optical fiber manufacturing apparatus in 
which a gas blew at the soot deposited material from the peripheral 
thereof, as shown in Figs. 9A and 9B . 

35 Under this conditions, no singular point was found in the 

optical fiber base material thus manufactured. As shown in Fig, 
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10 f the cutoff wave length (A c > and mode field diameter (MFD) of 
the optical fiber obtained by drawing the above base material 
indicated the stable characteristic along the length direction. 

5 COMPARATIVE EXAMPLE 1 

An optical fiber base material was manufactured via VAD 
method, using an optical fiber manufacturing apparatus which did 
not have any swing suppressing mechanism positioned between an 
upper end a support shaft which movss up while rotating and a 
10 growing up potion of the soot deposited material. 

Under this conditions, a singular point was found in the 
optical fiber base material thus manufactured. As shown in Fig. 
;! _ 10, the cutoff wave length (A c ) and mode field diameter (MFD) of 

uB 15 the optical fiber obtained by drawing the above base material 
^ ra2 -^ e( j_ a long the length direction. 

W EXAMPLE 4 

':=S After an inclination of a rotation axis of a support shaft 

« 2Q which supports and rotates an initial material was adjusted and 
f.r! the inclination angle was lessened up to 0,2 degree, a soot core 

r ; 3 material having a diameter of 3 2 mm was manufactured such that 
p- glass particles were deposited via VAD method. Under this 
~ condition, the swing width at a growing up portion of the soot 
25 core material was equal to or less than 5 mm. This material was 
subjected to a vitrifying process r and as evaluating the non- 
circularity of the core shape thereof, the non- circularity was 
about 1.2 % in average. Fifteen (15) core materials were 
successively manufactured, and optical fiber preforms were 
30 obtained from the core materials. 

The polarized mode dispersion of optical fibers obtained 
by drawing these optical fiber preforms had values of 0.10 in 
psec/kxn 1/2 in average, and o.i7 psec/tor 72 in maximum, 

35 

Besides, the values of polarized mode dispersion of the 
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optical fiber is preferably equal to or less than 0.2 psec/km 1/ '" 
because the polarized mode dispersion probably increases at 
assembling the optical fiber cable. 

5 EXAMPLE 5 

A rotational mechanism with high accuracy for a support: 
shaft, supporting and rotating an initial material was applied to 
a manufacturing apparatus, in this case, after a variation of 
uneven rotation of a support shaft was adjusted ± 0.01 rpm for 
10 the rotation number o£ the shaft of 2 0 rpm in average, a soot core 
material having a diameter of 32 mm was manufactured such that 
glass particles were deposited via VAD method, as shown in Fig, 
12. This materia.! was subjected to a vitrifying process, and as 
evaluating the non- circularity of the core shape thereof, the 
■J3 15 non-circularity was about 0.9 % in average. Twenty (20) core 
J: materials were successively manufactured. The polarized mode 

\j dispersion of optical fibers obtained from these core materials 
y had values of 0.08 in psec/km 1/2 in average, and 0,15 psec/km i/3 
:S in maximum. 
* 20 

example s 

Q In the rotational mechanism with high accuracy &.& described 

"3 in Example 5, as well as the manufacturing apparatus described 

' } =5 in Example 4, a deviation of a rotation axis of the support shaft 
25 from the gravity direction was measured/ and it was 0,8 degree. 
The deviation was adjusted and lessened up to 0.2 degree/ SO that 
a swing width an the end portion of a soot deposited material became 
equal to or less than 0.5 mm. Under this condition, a soot core 
material having a diameter of 32 mm was manufactured. This 
30 material was subjected to a vitrifying process, and as evaluating 
the non-circularity of -the core shape thereof, the non- 
circularity was about; 0.2 % in average. Twelve (12) core 
materials were manufactured. The polarised mod© dispersion of 
optical fibers obtained from these core materials had values of 
35 0-04 in psec/km 1/2 in average, and 0.07 psec/km 1/2 in maximum. 
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COMPARATIVE EXAMPLE 2 

A soot core material having a diameter of 32 mm was 
manufactured via VAD method such that glass particles were 
deposited the re en . In this case, a deviation of a rotation a>eis 
5 of the support shaft from the gravity direction was 1.2 degree, 
so that a swing width at the end portion of a soot deposited 
material generated a width of 3 mm. Furthermore, the rotation 
number of the shaft had a periodical variation of ±0.5 rpm for 
the rotation of 20 rpm in average, as shown in Fig, 12 . The core 

10 materials thus formed were subjected to a vitrifying process, and 
as evaluating the non-circularity of the core shape thereof, it 
was found that many of them had the non-circularity of over 2 %. 
The polarized mode dispersion of optical fibers obtained by 
drawing these optical fiber preforms had values of 0,22 in 

15 psec/km^ 2 in average, and 0 . 32 psec/km l/2 in maximum . Such optical 
fibers having large polarized mode dispersion values can not 
satisfy a forthcoming demand of higher transmission density by 
market, as described above. 

20 EXAMPLE 7 

A quartz bar target material which had a core and a cladding 
in part, and the length of 500 mm and the major diameter of 25 

I mm via VAD method was prepared, and attached to a grasping 

i mechanism. SiCl 4 of 10 1/min. , 0 2 of 100 1/min. and H 2 of 50 1/min. 

25 were supplied to a burner, and glass particles generated f rom them 
with flame were deposited such that the burner and the target 
material were relatively moved at 10 mm/min. while the target 
material was being rotated of a prescribed rotation number of 100 
rpm. A porous glass base material for an optical fiber having 

30 the major diameter of 150 mm was obtained. In this example, an 
uneven rotation was controlled such that the uneven rotation was 
detected and a signal thus detected was fed back to a rotational 
motor , 

35 Under thin condition, the depositing amount of glass 

particles for a moment is shown in Pig. 14. 
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As the uneven rotation of the target material during the 
process of depositing glass particles w$re measured, the 
variation was 1 . S (%) in maximum, that is, from 99 . 10 rpm to 100 . 90 
5 rpm. 

Flatness of a surface of the soot deposited material of 
Example 7 is shown in Fig. 15. The flatness of a surface of the 
soot deposited material thus formed was equal to or smaller than 
10 ±25 \im. Cracking of the soot deposited material during the 
depositing process happened zero (0) time in fifteen (15) times 
of manufacturing. 

!S «* Subsequently, the soot deposited material thus formed was 

J] 15 subjected to a vitrifying process, and. made a base material tor 

«7l optical fiber, 

l fi Flatness of a surface of the base material after the 

rfi vitrifying process was ±io urn. 
- 20 

* m A variation o£ the cutoff wave length (A c ) of the optical 

□ fiber obtained by drawing nhe above base material was 2 nm, and 

;IT a variation of the mods field diameter (MFD) thereof was 0.009 

o urn, in good conditions, 

25 

COMPAATIVE EXAMPLE 3 

A quartz bar target material which is similar to that of 
Example 7 was prepared, and attached to a grasping mechanisra. 
Under the same conditions of prescribed rotation number and gas 
30 as Example 7 , and glass particles generated from them with flame 
were deposited such that the burner and the target material were 
relatively moved at 10 mm/miu. A porous glass base material for 
an optical fiber having the major diameter of ISO mm was obtained- 
In thxs example, no control of an uneven rotation was carried out, 

35 

Under this condition, the depositing amount of glass 
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particles for a moment was similar to that o£ Example 7 , 

As Title uneven rotation of the target material during the 
process of depositing glass particles were measured, the 
5 variation was 2 (%) in maximum, that is, from 99 rpm to 101 rpm. 

Flatness of a surface of the soot deposited material of 
Comparative Example 3 is shown in Fig. 16. The flatness of a 

surface of the soot deposited material thus formed was equal to 
10 or larger than +125 ^m. Cracking of the soot deposited material 
during the depositing process happened two (2) times in fifteen 
(IS) times of manufacturing. 

Subsequently, flatness of a surface of a base material after 
15 a vitrifying process to the soot deposited material was ±S0 um. 

A variation of the cutoff wave length ( Ac) of the optical 
fiber obtained from the above base material was 40 ran, and a 
variation of the mode field diameter (MFD) thereof was 0*105 \im f 
20 in poor conditions for practical applications . 

In the examples described above , the VAD method is taken 
for instance. However, the QVD and MCVD method may be applicable 
as well. 

25 

The manufacturing apparatus for an optical fiber base 
material according to the present embodiment of the invention 
suppresses the swing of the end portion of the soot deposited 
material as well as shifts higher the proper frequency of the soot 

30 deposited material along with the support shaft, so that singular 
points can be prevented from generating. Furthermore, in the core 
material manufacturing process, the factors for enlarging the 
non-circularity of the core shape are regulated, so that preforms 
which make optical fibers having polarized mode dispersion can 

35 be manufactured. 
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Moreover, according to the present embodiment, the rotation 
speed of the target material varies in the small width for the 
prescribed value, so thac che variation of chickness of the 
deposited layer in local regions canbe suppressed, Still further, 
5 no cracking occurs during the glass particles depositing process, 
and soot deposited materials having the good flatness can be 
manufactured. The optical fibers which are obtained by the 
transparent vitrifying process to the soot deposited materials 
having the good flatness have the good circularity, as well as 
10 the cutoff wave length and the mode field diameter thereof do not 
fluctuate. 

Fig, 17 illustrates a rotatable structure according to a 
second embodiment of the present invention. In Fig. 17, a 
15 rotatable structure 43 is provided at a lower portion of s support 
shaft 1 which rotates. A connecting member 44 is attached to a 
lower portion of the rotatable structure 43, and hangs an initial 
material 2 which is of a bar material. The rotatable structure 

43 is enlarged in Figs. ISA and 183, Fig. 18A is a front sectional 
20 view thereof; and Fig. 18B is a side view thereof. The rotatable 
Structure 43 as shown in Figs. ISA and 183 has a rotary shaft 45 
which allows the initial material 2 rotatable in a direction 
indicated by an arrow in Fig. 16B. Furthermore, the connecting 
member 44 as shown in Figs. ISA and 13B has a rotary shaft 46 which 
25 allows the initial material 2 rotatable in another direction than 
that of the rotatable structure 43. However, the present 
embodiment is not limited to the configuration described above, 
and one rotatable direction by the rotatable structure 43 may be 
possible. It is preferable, as shown in Figs. 18A and 18B, that 
30 the initial material has another rotatable direction via the 
rotary shaft 46 of the connecting member 44. 

Figs. 19A to 19C illustrate arrangements of rotary shafts 
as examples of rotatable structures according to the present 
35 embodiment . 
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Fig. 19A shows an arrangement by example that two rotary 
shafts are perpendicular to each other on a plane being 
perpendicular co the central axis a-a' of the support shaft 1, 
that is , two shafts on one plane, 

5 

Fig, 19B shows another arrangement by example that two 

rotary shafts are perpendicular to each other on each of two planes 
being perpendicular to the central axis a-a' of the support shaft 
l, that is, four shafts on two planes. 

10 

Fig, 19C shows another arrangement by example that two 
rotary shafts, each of them is perpendicular to the central axis 
a-a' of the rotary shaft 1, and have a certain distance from one 
to another along the direction of the central axis a-a' , that is, 
15 two shafts in vertical. in this case, in is arranged such that 
an angle formed by the two shafts is to be 3 60/ (2n) degree, where 
n is the number of rotary shafts . 

Examples according to the present embodiment of the 
20 invention will be explained. However, the present invention is 
not limited to these examples , 

EXAMPLE 8 

An initial rod 6 as an initial material was connected to 
25 a support shaft 1 via VAD method, as shown in Pig, 20A. In this 
process, the arrangement of two shafts on one plane a3 shown in 
Fig. 19A was applied to a rotatable structure 43. 

In a condition that the initial rod 6 was rotated at 10 rpm, 
30 no swing was found at a lower end portion of the initial rod 6, 
Sequentially, 0 2 of 10 SLM, H 2 of 2 0 SLM and SiCl* of 1.5 SLM, which 
were fuel gas and glass material, were supplied by two burners 
5, and glass particles generated from them were deposited while 
the initial rod 6 was lifting up at 1.0 mm/min, A porous glass 
35 base material 48 for an optical fiber having the total length of 
500 mm and the major diameter of 2S mm was obtained. 
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The glass base material *a thus obtained, which was 
connectsd to a support shaf~ 1 set xn a transparent vitrif ying 
apparatus as shown in Pig. 2 0C, was heated with a heater 4 9 to 
.5 vitrify. Thus a preform 4 0 for a seep index single mode optical 
fiber was obtained. In this process, the arrangement of cwo 
shafts on one plane as shown in Pig. 19A was applied to a rotatable 
structure 43, and me swing width during rotation was equal to 
or less than 0.01 mm. 

10 

In next, the preform thus obtained was hung from a support 
shaft 1 set in an elongating apparatus of an optical fiber as shown 
in Fig. 20D. The arrangement of two shafts on one plane was 
applied to a rotatable structure 43. An inclination of the 
15 preform 40 from the vertical direction was equal to or less than 
1/1000 . 

The eccentricity of an optical fiber by drawing the preform 
40 was 0 . 0125 ]jm for the major diameter of 125 yim, and it was enough 
20 small for practical applications. Moreover, transmission loss 
at bond portions where optical fibers thus obtained were bonded 
by the electrical discharge fusion bond was 0.005 db/km for one 
bond portion, in good condition. 

25 EXAMPLE 9 

A porous glass base material having the total length of 700 
mm and the major diameter o£ 45 mm was obtained via VAD method 
similar to Example 8, In this case, three burners were used, and 
C 2 of 30 SLM, h 2 of 60 SLM and SiCl 4 of 4 . 5 SLM, which were fuel 

30 gas and glass material, were supplied, 

The glass base material thus obtained/ which was connected 
to a support shaft set in a transparent vitrifying apparatus as 
shown in Fig, 2QC, was heated with a heater to vitrify. Thus a 
35 core rod for a step index single mode optical fiber was obtained- 
In this process, the arrangement of two shafts in vertical as shown 
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in Pig- 19C was applied to a rotatable structure, and the swing 
width during rotation was equal to or less than 0*01 mm. 

Sequentially, the core rod thus obtained was connected to 
5 hang by a support shaft set in an OVD apparatus as shown in Fig. 
2 OB, In this process, the arrangement of four shafts on two plane 
in Pig, 19B was applied to a rotatable structure- In a condition 
that the core rod was rotated at 10 rpm, no swing was found at 
a lower end parr ion of the core rod. 

10 

To this core rod, 0 2 of 30 SLM, K 2 of 60 SLM and Si CI* of 
5 SLM, which were fuel gas and glass material/ were supplied by 
a burner, glass particles generated from them were deposited such 

that che burner and the core rod were relatively reciprocated an 
15 300 mm/min, A porous glass base material for an optical fiber 
having the total length of 700 mm and the major- diameter of 100 
mm was obtained. 

The base material thus obtained was connected to a support 
20 shaft: set in a vitrifying apparatus as shown in Fig « 2QC , and heated 
with a heater to vitrify. Thus, a preform for a. step index, single 
mode optical fiber was obtained. In this process , the arrangement 
of two shafts on one plane as shown was applied to a rotatable 
structure, and the swing width during rotation was equal to or 
25 less than 0.01 mm. 

In next, the preform thus obtained was hung from a support 
shaft set in an elongating apparatus of an optical fiber as shown 
in Pig. 20D. The arrangement of two shafts on one plane was 
30 applied to a rotatable structure 43. An inclination of the 
preform 40 from the vertical direction was equal to or less than 
1/1000 , 

The eccentricity of an optical fiber by drawing the preform 
35 was 0.0120 um for the major diameter of 125 urn. and it was enough 
negligible small for practical applications. Moreover, 
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transmission loss at bond portions where optical fibers thus 
obtained were bonded by the electrical discharge fusion bond was 
0.005 db/km for one bond portion, in good condition. 

5 COMPARATIVE EXAMPLE 4 

A porous glass base material, which was formed via VAD 
similar to Example 8, was connected by a conventional grasping 
structure to a support shaft of a vitrifying apparatus as shown 
in Fig. 21C. In this process, a swing width during rotation was 
10 2.5 mm at the lower end portion of the bass material. In naxt , 
after the base material is heated and vitrified, a preform for 
step index single mode optical fibers was obtained. Further, a 
drawing process was carried out under the same conditions as 
Example S > The eccentricity of an optical fiber thus formed was 

:Q 15 i . 0 um f or the maj or diameter of 12 5 um, and it was large . Moreover, 
transmission loss at bond portions where optical fibers thus 
obtained were bonded by the electrical discharge fusion bond was 

Ul 0,35 db/)cm for one bond portion, and it is too large to serve as 

*IZ an ordinal data transmission line. 



20 

COMPARATIVE EXAMPL.E 5 
j A porous glass base material obtained via VAD method similar 

to Example 9 was heated with a heater to vitrify under the same 
: condition as Example 9. Thus a core rod for a step index single 
25 mode optical fiber was obtained- 

Sequentially , the core rod thus obtained was connected by 
a conventional grasping structure to a support shaft set in an 
OVD apparatus as shown in Fig. 21B> In a condition that the core 
30 rod was rotated at 10 rpm, a swing was 15 mm at a lower end portion 
of the core rod. Glass particles were deposited to this core rod 
under the same conditions as Example 9, and then a porous glass 
base material having the total length of 70 0 mm and the major 
diameter of 100 mm was obtained. 



35 



The glass base material was heated under the same conditions 
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as Example 9 to vitrify to make a preform, and the preform thus 
obtained was drawn under the same conditions as Example 9 to form 
step index single mode optical fibers. The e'ccentricity of an 
optical fiber was 1.3 um for the major diameter o£ 125 um, and 
it was enough and it was large. Moreover, transmission loss at 
bond portions where optical fibers thus obtained were bonded by 
the electrical discharge fusion bond was 0.4 db/km for one bond 
portion, and it is too large to serve as an ordinal data 
transmission line . 



COMPARATIVE EXAMPLE 6 

A porous glass base material obtained via. VAD method similar 
to Example 9 was heated with o. heater to vitrify under the same 
condition as Example 9. Thus a core rod for a step index single 
15 mode optical fiber was obtained. 

Sequentially, the core rod thus obtained was connected no 
a support shaft set m an OVD apparatus as shown in Fig, 2 IB, In 
this process, the arrangement of two shafts on one plane was 

20 applied to a rccatable structure, but an angle made by the two 
shafts was 30 degree. In sl condition that the core rod was rotated 

| at 10 rpm, a swing was 15 mm at a lower end portion of the core 
rod. Glass particles were deposited to this core rod under the 

~ same conditions as Example 9 , and then a porous glass base material 

25 having the total length of 700 mm and the major diameter of 10 0 
mm was obtained. 



The glass base material was heated under the same conditions 
as Example 9 to vitrify to make a preform, and the preform thus 

30 obtained was drawn under the same conditions as Example 9 to form 
step inde^c single mode optical fibers. The eccentricity of an 
optical fiber was 1.1 urn for the major diameter of 12S um, and 
it was enough and it was large. Moreover , transmission loss at 
bond portions where optical fibers thus obtained were bonded by 

35 the electrical discharge fusion bond was 0.33 db/km far one bond 
portion, and it is too large to serve as an ordinal data 
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transmission, line. 

According hq the present embodiment of Che invention, no 
swing generates when the glass base material is manufactured via 
5 either OVD or VAD method such that the glass particles are 
deposited to the initial material hung during rotation, so that 
the glass particles may not be deposited eccentrically with 
respect to the central axis of the initial material. Furthermore, 
a dangerous situation that che soot deposited material is swingy 
10 rotated largely in the circumferential direction does not occur, 
so that it is not necessary to discontinue operations of the 
manufacturing apparatus during depositing the glass particles. 
Still further, since the glass particles are deposited m no 
f ^ eccentric manner with respect to the central axis of the initial 

v3 15 material, the light transmission cor© portion of the optical fiber 
. := -'- ; preform made of the porous glass base material has a extremely 

\j small eccentricity with respect to the outer circumference of the 

^ base material. Consequently, for the optical fiber thus 
,:^ 3 manufactured , the signal intensity loss at the bond portions 

& 20 caused by the eccentricity of the core portion can be suppressed 
; S|S well, and the polarised dispersion characteristic can bs good. 

;ll Fig. 22 is a perspective view of a porous glass material 

sintering apparatus to which a third embodiment of the present 
25 invention is applied. 

The sintering apparatus 51 has a reactor 74 made of quartz 
and a heating furnace 75 positioned at the outer circumference 
of the reactor 74, as shown in Fig. 22. A lid 72 having a hole 

30 at the center thereof is put on the upper portion of the reactor 
74. A support shaft 62 which penetrates the hole connects to an 
adjustable joint 60 which hangs a porous glass base material 71 
as a bar material being inserted into the reactor 74 . The upper 
end of the support shaft €2 connects to a motor 61 which drives 

35 to rotate the support shaft 62. The motor 61 moves the support 
shaft 62 down while the motor 61 rotates the support shaft 62 during 
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a sintering process. 

The adjustable joint 60 has an upper clamp S3 , a lower clamp 
68 and a ball £4. A forked end which bends at: a lower portion 
5 of the upper clamp 63 pinches the ball 64 * A forked end of the 
lower clamp 63 diagonally faces to the forked end of the upper 
clamp S2 , and pinches the ball 64 as well. An adjustable joint 
fastener 65 includes a band shape portion, a hole portion at: one 
end thereof and a tooth portion 67 at the other end being inserted 
10 into the hole portion, such chat the adjustable joint fastener 
65 winds over both forked ends. Th© upper clamp &2 and the lower 
Clamp 68 are tightened with each other by the adjustable joint 
fastener 65. 

15 An X-Y stage 70 is attached to a lower portion of the lower 

clamp 18, so as to reduce the difference between Uhe central axis 
of the base material 71 and the rotary shaft of the motor 61 in 
the horizontal direction. The X-Y stage 70 includes an X- 
direction moving ring 82 holding the base material 71 and, outer 
20 thereof, a. Y-direction moving ring 83 holding the X-directian 
moving ring 82, as shown in Pig. 23. 

An X-direction screw rod 85 is screwed into both the X- 
direction moving ring 82 and the Y-direction moving ring 83. An 
25 X-direction guide rod 84 penetrates into the X-direction moving 
ringr 82, and the both ends of the X-direction guide rod S4 are 
fastened to the Y-direction moving ring 33 . 

A Y-direction screw rod 87 is screwed into both the Y- 
30 direction moving ring 83 and the lower clamp 68. An Y-direction 
guide rod 86 penetrates into the Y-direction moving ring 63, and 
the both ends of the Y-direction guide rod 3 6 are fastened to the 
lower clamp SB. 

35 A laser source 7 8 and a photo receiver 79, both connecting 

. to a laser displacement meter 77, are positioned at the side 
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surface of the reactor 74 in height near the upper end of the large 
diameter- portion of the base material 71. Another laser source 
78 and another photo receiver 79 are provided in height near the 
lower end Of the large diameter portion of the base material 71 
5 as well . 

A mixed gas intake 76 for introducing a minced gas of chlorine 
gas and helium gas is arranged at the lower end. portion Of the 
reactor 24 , and an exhaust duct 73 . 

10 

The sintering apparatus 51 is used as follows. 

At first , Zhe motor 61 drives to rotate the base material 
21. Distances are measured by use of two laser displacement; 
y 15 meters, based on triangulation principle. The swing width of the 
base material 71 is calculated from these distances. if the 
distances measured by two points fluctuate in sync of a period 
of rotation of the base material 71, it is recognized that the 
center axis of the base material 71 deviates from the rotary shaft 
20 of the motor 61 in either axial or horizontal direction. 

When any deviations are found, the drive of the motor 61 
is stopped, and the deviations are to be adjusted. 

25 in case that the central axis of the bases material 71 

deviates from the rotary shaft of the motor 61 in the axial 
direction, that is, the central axis of the base material 71 
inclines with respect to the direction of the rotary shaft of the 
motor SI, such a deviation is to be adjusted- A screw 6G of the 
30 adjustable joint fastener 65 is revolved, so that the adjustable 
joint fastener 65 is released from fastening. Under this 
condition, the deviation of the central axis of the base material 
71 in the axial direction is adjusted. After that, the screw 66 
is reversely revolved, so that the adjustable joint fastener 65 
35 is tightened and the upper clamp 63 and the lower clamp 68 are 
fastened again. 

SH-O022 



98/U 



"d W06 'ON 



fl() CHI 1*0(107 



29 



In case that the central axis of the base material 71 
displaces from the rotary shaft of the motor 61 in the horizontal 
direction, such a displacement is to be adjusted , The X-direction 
5 moving ring 82 is moved by revolving the X-direction screw rod 
85 of che x-Y stage, or the Y-direction moving ring 63 is moved 
by revolving the Y-direction screw rod 87, so that the 
displacement, i.e. deviation of the central axis of the base 
material 71. 

10 

The motor 61 drives again, and the distances are measured 
by use of two laser displacement meters, so that tile deviations 
are derived therefrom. The adjustment of the deviations are 
repeated until no deviation is found because the central axis of 

i.n 15 the base material 71 is coincide with the rotary shaft of the motor 
61, that is, the swing widths of the base material 71 derived from 

■kj the measured distances are coincide with the major diameter of 

u j the base material 7i T 

■= 20 After no deviation is found because the central axis of the 

:^ base material 71 is coincide with the rotary shaft of the motor 
61, the sintering process starts performing. Chlorine gas and 
;~ helium gas are introduced through the mixed gas intake 76 into 
™£ the reactor 24. The exhaust process starts with driving an 
25 exhaust fan, not shown, connecting with the exhaust duct 73 „ The 
base material 71 is heated up to about 1500 centigrade by the 
heating furnace 75 . The motor 61 is driven, and the base material 
71 is moved down while rotating. As the base material 71 passes 
by the heating furnace 75, the base material 71 is sintered and 
30 achieves the dehydration and vitrifying process. 

The base material 71 may pass by the heating furnace 7 5 such 
that the base material 71, which is inserted at the bortom of the 
reactor 24, is moved up, 

35 

EXilMPLE 10 
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Fifty (50) porous glass base materials having the diameter 
of 200 mm and the lengrh of 200 mm manufactured by QVD method were 
prepared. Deviations are adjusted every time when the base 
material was loaded to the joint, before the sintering process. 
5 The eccentricity of the base materials thus sintered was 0.04% 
in average, and 0,11% in maximum, and it was quite small, It wa3 
found that none of them bent . 

COMPARATIVE EXAMPLE 7 

10 For comparison/ fifty (50) base material were subjected to 

fehe sintering process under the same conditions as Example 10, 
except for no adjustment of deviations. The eccentricity of the 
base materials thus sintered was 0.12% in average, and 0-32% in 
maximum^ It was found that twenty six (26) of chem had the large 

15 bent which were necessary to be modified by a burner or the like. 

u As apparent from the above description, the sintering 

;;Jf apparatus for a porous glass base material according to the 
present embodiment of the invention can carry out the sintering 

; s 20 process for the base material without the large eccentricity nor 

' m bend. An optical fiber obtained by drawing the base material thus 

□ manufactured has the small eccentricity and the small connecting 

^ loss. Moreover, the ratio of core to cladding in thickness and 

f% optical fiber characteristics are uniformity, and superior 

25 quality is achieved. 

Pig. 24 illustrates a sectional view of a hanging tool for 
a porous glass base material according to a fourth embodiment of 
the present invention. 

30 

The hanging tool 91 for a base material has a tubular portion 
94 and a shaft 93 at the upper end of the tubular portion 94. The 
shaft 53 connects to a device 92, for instance, which is a motor 
for moving a base material up and down while rotating the same. 

A glass rod 95 which has a major diameter being slightly 
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smaller Chan the minor diameter of the tubular portion 94 is 
inserted into th© tubular portion 94 with, a certain margin. A 
pyramid recess portion 35 in which the lower recesses deeper is 
formed from a side surface of the glass rod 95. 

5 

As a sectional view in part of the hanging tool is 
illustrated in Pig. 25, two holes 101 are pierced through a side 
wall of the tubular portion 94 while an inner wall of che tubular 
portion 34 is removed in part* A pin 97 having a column shapQ 
10 and a flat surface loo thereon is inserted into the holes 101 such 
that the pin 97 penetrates the tubular portion 94 . The pin 97 
is put into a sap between the inner wall of the tubular portion 
94 and the pyramid recess portion 96 . The flat surface loo, which 
aligns angles with a slope surface 99 forming the pyramid recess 
-{15 99, makes an area contact with the slope surface 99, as well as 
\ an arc circumference of the pin 97 makes a linear contact with 
! the inner surface 9S of the tubular portion 94- The side surface 
; of the glass rod 95 opposing the pyramid recess 96 makes a linear 
1 contact with the inner wall of the tubular portion 94. 
20 

l A porous glass base material 102, as an example of a bar 

J material, coaxially join with the lower end of the glass rod 95. 
I Accordingly, the base material 102 is hung from the device 92 with 
;| the hanging tool 91, 
25 

The hanging tool 91 described above is used during sintering 
a porous glass material as follows. 

At first, glass particles are deposited via OVD method on 
30 a core rod formed via VAD, so that a porous glass base material 
102 having the diameter of about 26 0 mm, the length of about 12 0 0 
mm and the weight of about 5 0 kg is manufactured. 

The pyramid recess 36 in which the lower portion there of 
35 is deeper is formed by grinding the side surface of the glass 
material by a grinder. The base material 102 is coaxially welded 
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to the lower end. of the glass rod 95. 

The glass rod 95 is inserted into the tubular portion 94 
of the hanging tool 91 up no height where the pyramid recess 9 6 
5 is got a view from the holes 101 o£ the tubular portion 94, The 
pin 97 is inserted into one of the holes 101 while the flat surface 
100 of the pin 97 is almost parallel to the slope surface 99 of 
the pyramid racess portion 96. The pin 97 is further pushed 
Through the gap between the inner surface of the tubular portion 
10 and the pyramid recess 96, and finally penetrates the other hole 
101 . 

In next, the shaft 93 of the hanging tool 91 is connected 
to the motor 92 to hang the glass rod 95. Due to this, the flat 
;^15 surface 100 o£ the pint 97 makes a contact in a certain area with 
py the slope surface 99 of the pyramid recess 96. 

:S The own weight of the glass rod 95 acts as a pressing force 

m to the flat surface 100 of the pint 31 . The pin 31 receives a 

; - 20 downward couple force at the flat surface 100. Due to this, a 

==y couple force works for the pin 97 to push the tubular potion 94 

Q upward. A reaction of a component of the couple force makes the 

^ side surface of the glass rod 95 opposing the pyramid recess 96 

□ press to and contact in a line manner with the inner wall of the 

25 hanging tool 91. The resultant friction thereby fastens the glass 
rod 95 to the hanging tool 91. 

Rotary axes of tha motor 92 and the glass material 102 are 
coincide with each other, then the direction of the rotary axes 

30 is directed to the vertical direction. The glass material 102 
is inserted into a reactor which has a heating furnace arranged 
around the circumferential the reactor. The base material 102 
is moved down while it is rotated by the drive of the motor 92. 
Since the glass rod. 95 is fastened to the hanging tool 91 and the 

35 rotary axis of the base material 102 is directed to the vertical 
direction, the base material 102 revolves without swings v The 
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base material 102 is sintered in sequence from the bottom as 
passing by the heating furnace. 

According no the embodiment described above, fifteen (15) 
5 porous glass base materials having various angles 6 between the 
slope surface 33 of the pyramid recess 96 and the side surface 
of the glass rod 95 were prepared and sintered. The displacement 
between the center point of the core and the center of the cladding 
surrounding the core was measured in the length direction for each 
10 of the base materials 102 thus formed. The ratio of the maximum 
displacement to the mean major diameter, i.e. the maximum 
eccentricity was figured out . The relationship between the angle 
d and the maximum eccentricity is indicated in Fig. 26. 

;35 When the angle 6 is equal to or less than 40 degree, the 

■fi\ maximum eccentricity can be reduced down to about 0.3 %. The 

"'•4 connecting loss is enough small to neglect for an optical fiber 
obtained from the base material having the maximum eccentricity 

CP of such a range. If the angle 8 is greater than 50 degree, the 

f 20 maximum eccentricity became rapidly large; and therefore the 

m connecting loss of an optical fiber thus obtained. 

In the present embodiment described above, the hanging tool 
□ hangs a porous glass base material during sintering, However, 
25 the hanging tool may hang a porous glass base material which is 
growing up via vad method, 

Moreover, in the sintering process to a porous glass base 
material, preferably, an end portion of the base material is moved 

30 to a position near the heating zone, and then it is maintained 
at the position for a prescribed period from the time when the 
heating zone of the reactor reaches a sintering temperature. 
Consequently, the sintering makes progress in advance at the end 
portion of the base material, the end where the sintering process 

35 begins, and then the sintering process starts to the glass 
material, so that the heating irregularity may vanish at the end 
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portion where the sintering process starts, 

The inventors of the present: invention have found Chan, in 
the sintering process to a base material , an end portion of the 
5 base material is moved to a position near the heating zone, and 
then it is maintained at the position for a prescribed period from 
•the time when the heating zone of the reactor reaches a sintering 
temperature, preferable numerical values of the prescribed period, 
i.e. the elapsed time T depend on the minor diameter, the length 
10 and the volume of the reactor, a.nd the major diameter of the base 
material and the length of the large diameter portion of the base 
material. More specifically, the elapsed time T is determined 
to satisfy the following formula: T n (R 2 L-r z l ) /4Q , so that 
problems which are likely to arise during sintering are solved. 

J; Furthermore y after the heating zone of the reactor reaches 

; y a sintering temperature, it is maintained at the sintering 
^ temperature for the prescribed period until the atmosphere gas 
S is thoroughly replaced with the treatment gas, for instance Ar, 
■£0 and the treatment: gas adequately reaches up to the core of the 
base material , and then the bass material is moved to the heat 
□ zone for sintering. 

q According to the sintering process described above, the 

25 beginning portion where conventionally the sintering process is 
insufficient has the less heating irregularity because Che base 
material starts moving after the sufficient period is elapsed from 
the time when the sintering temperature comes, so that the base 
material for optical fibers which have stable characteristics call 
30 be manufactured, 

EXAMPLE 11 

A sintering process to a large size porous glass base 
material was carried out, using- a sintering apparatus as shown 
35 in Pig. 27. The sintering apparatus as shown in Fig. 2 7 included 
a hanging tool 114, an intake bulb 115, an exhaust bulb 116 and 
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a pressure gage 117. 

At first, the base material 111 was set into a reactor 112, 
and then the reactor 112 turned up the heat. After a heat zone 
5 113 of the reactor 112 reached up to the sintering temperature, 
the process was waiting for thirty (30) minutes as the elapsed 
time T\ After that, the base material 111 was moved into the heat 
zone 113, and started sintering. Consequently, the dehydration 
and vitrifying process were carried out . 

10 

With reapect to the base material thus obtained, a 
refractive index difference An {%) from the reference index was 
measured along the length direction. The result is indicated in 
Fig. 23. In Pig. 28, triangle symbols (A) represent the measured 
115 values according to Example 11. 

I Furthermore, after tha heat zone 113 of the reactor 112 

f reached up to the sintering temperature, it elapsed in time of 
* thirty (3 0) minutes and the atmosphere gas was sufficiently 
20 replaced with Ar gas . Then the base material 111 started moving 
to the heat zone 113, so that the sintering process was achieved. 
3 Under this condition, the similar results were obtained. 



3 COMPARATIVE EXAMPLE S 

25 A porous glass base material was sintered, using the same 

apparatus as Example 11 but the different conditions for 
comparison. 

After the base material is installed in the sintering 
30 apparatus , the reactor turned the heat up . Immediately after the 
reactor heated, up to the sintering temperature, the base material 
is moved to the heat zone so that a base material for an optical 
fiber was sintered. With respect to the base material thus 
sintered, a refractive index difference An(%) from the reference 
35 index was measured, similar to Example 11. The result is 
indicated in Fig. 28* In Fig. 28, circle symbols (o) represent 
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the measured values according to Comparative Example S » 

As apparent: from Fig. 28, the base manerial of Example 11 
had no insufficient heating at the beginning but the uniform 
5 refractive index in the length direction, and was superior than 
conventional ones. 

As described above, the base material hanging cool 
according to the pressnr embodiment: can certainly and easily hang 
10 a glass rod to which a base material is welded, as well as rotate 
the base material without swings. Therefore, the base material 
can be subjected to the heat treatment like the sintering without 
eccentricity. High quality optical fibers having no connecting 
loss can be obtained from the base material thus formed. 

"Si 5 

'"4 Moreover, according to the present embodiment , after the 

\JZ reactor reaches up no the Sintering temperature, the process is 
; s ij waiting for the prescribed period, and then the base material is 
subjected to the process at a uniform speed, so that the treatment 
J 20 gas can reach the core of the base material, and the base material 
which has little irregular heat and little fluctuation of the 
characteristics can be manufactured with high efficiency. 

;;:f A method for modifying a non-circularity shape of a glass 

§5 base material after vitrifying , according to a fifth embodiment 
of the present invention will be described. 

The non-circularity is defined by the deviation o£ the outer 
peripheral shape from a perfect circle, being indicated by a 
30 parameter of the non- circularity ratio Nc {%) as follows: 

Nc = ( (Dmax-Dmin) /D) *100 (%) , 

where the Symbols Dmax (mm} represents the maximum diameter of 
35 the base material; Dmin (mm) represents the minimum diameter 
thereof; D (mm) represents the mean diameter. 
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In the present embodiment, modification to the non- 
circularity on che base material is achieved by an etchant . More 
specifically, nhs maximum diameter Dmax 122 in a cross section 
5 being perpendicular to the sxis of the base material 121 directs 
perpendicular to the etchant surface, as shown in Figs. 29A to 
29C. It is preferable to use hf as enchant, and may be suitably 
added other chloride or acid therewith . 

10 As immersing the base material in the etchant, the base 

materia,!, which is horizontally kept may start being immersed from 
the lower side thereof in the etchant, otherwise/ the etching 
surface may be made go down such that the etchant is drained from 
a condition that the base material has been sunk in the etchant. 

For example as shown m Pig- 2 9A, after the base material 
\; which is horizontally positioned is installed on a mounter 126 
in an etching tank 125, the etchant 124 is supplied to the etching 
;=fi tank 125, and the etching surface 133 is shifted up to the etching 
■20 surface 123, so that the base material 121 is immersed in the 
etchant 124, Starting with the lower surface of the base material 
121. For another example as shown in Fig. 29B, the base material 
121 is moved down to the etching surface 123, ao that the base 
q material 121 is immersed from the lower surface thereof in the 
25 etchant 124. For still further example as shown in Fig 29C, the 
etching- surface 133 is made go down to the etching surface 123 
such that the etchant is drained from the etching tank 12 5 from 
a condition that the base matQrial has been sunk in trie enchant. 

30 In the modification of the embodiment, the maximum 

immersing depth dmax of the base material into trie enchant is up 
to the maximum radius . One o£ the maximum radius sides of the 
base material is modified with the etchant first, and then the 
base material is turned by 18 0 degree around trie axis so that the 

35 other of the maximum radius sides is modified, During these 
process , the immersing speed V, V is changed from start to end. 
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Accordingly , the non- circular shape of the base material can be 
modified to the circular shape. 

The immersing speed V, V is changed from start to end, based 
5 on result from simulation and actual experiment, so as to obtain 
more better circular shape. More specifically, in the immersing 
process as shown in Figs. 29A and 2§B, the immersing speed V of 
che initial scage is small, and the immersing speed v of the final 
stage is large. On the other hand, in the immersing process as 
10 shown in Pig. 29C, the immersing speed V of the initial stage is 
large, and the immersing speed V of the final stage is small. 
These immersing speeds V and V are formulated, being function 
o£ the depth d of immersing the base material into the etchant, 
= _ as follows: 

^ V«{a (1/D) 3 L 3 +b (1/D) 2 L 2 + c U/D) X,+d(l/D> }Ve/Nc, 

Where D (mm) represents the mean major diameter; L (mm) , the 
'.ir- immersed depth in etchant; Ve (mm/min) , the etching speed; Nc (%) , 
;?.20 non- circularity ; a, b, c and &, numerical constants. 

□ Accordingly, the immersing speeds V and V are controlled 

based on the immersing depth d, so that the non-circular shape 
S can be modified to the circular shape in a better manner. 
25 

EXAMPLE 12 

A base material having the non- circularity Nc of 1.0 ^ the 
maximum diameter of 50.250 mm, the minimum diameter of 49,750 mm, 
the mean diameter D of 50 .000 mm and the length 250 mm was installed 
30 in an HF tank. Then, the HF et chant was supplied from the bottom 
of the tank. The immersing speed V for the base material after 
the base material began to immerse in the HF etchant from supplying 
the HF etchant was changed in accordance with the regulation of 
the following formula: 

35 

V={633 0 (1/50. 00 0) 3 L 3 - 172 0 ( 1/50 . 0 0 0 ) 2 L 2 + 2 3 5 (1/5 0 .000)1* 
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-50(1/5 0.000) }*0. 00166 7/ 1.0, 

-where the etching speed Ve was 0-001567 mm/ ruin . 

5 Under this condition, the relationship between the surface 

up speed, i.e. immersing speed, V and the base material immersed 
length/ i.e. immersing depth, d is indicated in Fig. 30, 

One of the maximum radius sides of the baae material was 
10 subjected to the modification for 149 minutes. Then the bases 
material was turned by ISO degree, the other maximum radius side 
was further subjected to the modification for 149 minutes* 

;:is _ Consequently, the base material was modified as follows: 

f,0L5 the non-circularity Nc of 0.001 %; the maximum diameter of 49.752 

Jjl mm; the minimum diameter of 49-746 mm; the mean diameter D of 49 . 750 

; y mm, 

?£, COMPARATIVE EXAMPLE 9 

s20 A base material having the non-circularity Nc of 0 . 86 % f 

:™ the maximum diameter of 52.200 mm, the minimum diameter of 51.750 

Q mm, the mean diameter D 51.975 mm and the length of 20 mm was 

\Z prepared. The base material was subjected to etching under the 
condition that the base material sank for 180 minutes in an etching 

25 tank filling, in advance, with HF etchant. 

The resultant shape of the base material was obtained as 
follows: the non-circularity Nc of 0,87 %; the maximum diameter 
of 51 . 600 mm; the minimum diameter of 51. 150 mm; the mean diameter 
30 D of 51.375 mm. 

According to the present embodiment of the invention, the 
modification for the non-circular shape with immersing the 
etchant can became easier although it is difficult to be achieved 
35 by conventional methods. Therefore, base materials which are 
conventionally abandoned because of the large non-circularity can 
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be reproduced, so that the productivity can be raised. 

Furthermore, if a base material obtained by dehydrating and 
Sintering to vitrify a soot deposited material made by OVD method 
still has unevenness on the surface, a core diameter varies when 
the base material is elongated for making a preform of an optical 
fiber, so that the optical characteristics are badly influenced 
for an optical fiber obtained toy drawing the preform. 

in order to avoid the difficulties, it is necessary to grind 
the surface of the base material having the unevenness so as tc 
form a smooth even column shape (hereinafter, it is called "a 
columned grinding", when applicable). m this process, the 
circularity of the sintered base material and the eccentricity 
of the core portion are important. Especially, the circularity 
of the optical fiber and the eccentricity of the core portion give 
a great influence upon the optical characteristic, for instance 
the connecting loss for the connecting operation at laying the 
optical fiber cable. 



|==y A sixth embodiment of the present invention provides with 

□ a method for a columned grinding for a base material such that 
pi the position of the core portion of the base material is measured 

□ w ith an optical manner, the rotational center at the grinding is 
25 determined, conical portions having common rotational axes 

coincide with the perfect circle on the core portion are formed 
at the both ends o£ the base material, a reference direction 
surface , i.e. an orientation flat on the conical portion is formed 
by grinding the conical portion so as to confirm the 
circumferential orientation of the core portion, and then the base 
material is installed in the rotary center of a grinder. Under 
this condition, the columned grinding is carried on, so that the 
inferior eccentricity or the like of the core portion can be 
avoided. consequently, base materials having stable optical 
characteristics can be manufactured with high through put, and 
optical fibers of high optical characteristics can be obtained 
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by drawing preforms being elongated the base materials thus 
manufactured . 

EXAMPLE 13 

5 Pig. 31 illustrates an example of a base material 

manufacturing apparatus. A quartz glass rod for a core of the 
major diameter of 25 mm, the length 12 0 0 mm, and the refractive 
index for a single mode optical fiber was used for an initial 
material lfil. The initial materia.! 141, which was welded Co a 
10 dummy rod 142 made from quarts glass, was attached to a core 
rotation motor 151, and then it was rotated at 40 rpm with the 
cars rotation motor 151. 

Plural oxyhydrogen flame burners 145 having relatively 
large diameter and sizs to conventional ones wer® prepared, and, 
^ to the burners 14 5, oxygen gas of 3 0 cm 3 /min, hydrogen gas o£ 160 
=JJ cm 3 /nun, and a carrier gas of oxygen gas of 10 cm 3 /min accompanying 
Ul a material gas of SiCl^ of 40 g/min were supplied through a material 
[ fz supplying device. These burners 145 were moved by a transverse 
:,20 motor 146 in the reciprocation manner within the width of 1600 
^ mm at the speed of ISO mm/min, so that glass particles formed due 
Q ; to flame hydrolysis of SiCl* were deposited on the initial material 
141. The material gas increased more as tha deposition were 
S growing up, and after 24 hours , the soot deposited material having 
25 the major diameter of 23 0 mm were obtained. Immediately before 
finishing the deposition process, to the burners 145, oxygen gas 
of 24 0 cmVmin, hydrogen gas of 48 0 cm 3 /min, and the carrier gas 
o£ oxygen gas of 24 0 cm 3 /min accompanying the material gas of SXCI4 
of 125 g/min were supplied through the material supplying device. 

30 

It was found that the soot deposited material 147, which 
was grown an the high deposit: speed in average of 30 g/min, had 
uneven surface condition in a spiral manner. Furthermore,, the 
soot deposited material 147 was installed in a heat furnace, and 
35 subjected to dehydrating and sintering to vitrify so that a 
transparent base material was obtained. However, the uneven 
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surface condition in a spiral manner was still found even after 
vitrifying. The maximum depth of the uneven surface was 1.35 mm, 
If an optical fiber is made from a preform from the base material, 
the large connecting loss, which is one of the optical 
characteristics of the optical fiber, at connecting via fusion 
of the optical fiber due to the eccentricity occurs . 

Sequentially, as a first grinding process , conical portions 
having common rotational axes coincide with the perfect circle 
on the core portion were formed at both ends of the base material , 
Moreover, a reference direction surface, i.e. an orientation flat 
on the conical portion thus formed was mad© by grinding the conical 
portion so as to confirm the inclination angle to the 
circumferential direction of the core portion, that is, the 
circumferential orientation of the cor® portion. After the 
smooth conical portion were thus formed at the both ends of the 
base material, and the base material was installed in a grinder 
for further grinding. 

More specifically, as shewn in Fig. 32, the base material 
161 was attached to a chuck 163 of a taper grinder 162, and fastened 
with a chuck supporter 164 . After that, the position of the core 
portion was measured by an optical measure not shown, for instance 
an optical measure using a polarized glass, while the base 
material 161 was being rotated, as the chuck 163 was moved, the 
center position of the core was adjusted until in was coincide 
with the rotational axis of the chuck supporter 164 . The setting 
operation of the base material was thus achieved. For grinding 
a taper portion 149 at on© end portion of the base material, a 
diamond wheel of the roughness number #600 was applied, and the 
taper portion 143 was ground such that a conical shape having the 
angle of 1 0 degree with respect to the central axis of the core 
was formed. With respect to the other end portion o£ the b ase 
material 161, the same conical shape for another taper portion 
149 was formed- One of the taper portion 149 was further ground 
such a manner that an orientation flat 166 fox the reference 
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position of the circumferential direction, that is, for detecting 
the inclination angle to the circumferential direction, was 
formed as shown m Fig. 33. 

5 Sequentially, as in a second grinding process, the 

circumference of the large diameter portion of the base material 
161 was ground so as to take the uneven surface away. At first, 
the base material 161 on which the conical portions were formed 
was attached no chucks 168 of a columned grindor 167 as shown in 
10 Fig. 34, and fastened wirh respective chuck supporters 169, One 
of the chucks 1S8 was prepared for positioning the base material 
161 at the orientation flat 166, In next, the base material 161 
was rotated, and the eccentricity of th« core portion of the base 
material 151 was measured in the length direction by an optical 
Jt5 measure not shown. The rotational angle with respect to the 
^ orientation flat 166, the eccentricity, and the position in the 
■.I length direction were memorised in a control device. 

j.™ It is noted that, in Figs. 34 to 36, a support mechanism 

-20 for diamond, wheels of the grinder is left: out. 

ri Based on theses data, the diamond wheels 171, 172 and 173 

M= were installed as follows, and rotated. Under this condition, 
:J one grinding process was carried out such that the base material 
25 was fed at the feeding speed of 50 mm/min while water-cooling at 
the grinding portion. According to this grinding process, the 
surface of the base material 161 became even, and the core portion 
thereof was able to measure clearly. 

30 In this process, roughness of diamond wheels 171, 172 and 

173 was respectively #60, #140 and #600. The wheels were 
positioned such that the grinding depth of the wheel 171 was 0.75 
mm, the depth of the wheel 172 was deeper- by 0.3 mm than that of 
the wheel 171, and the depth of the wheel 173 was deeper by 0.05 

35 mm than that of the wheel 172, as shown in Figs. 35 and 36. 
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Sequentially, the diameter ratio of the core to the cladding 
and the sccentricity of the core were measured with an optical 
measure device while rotating the base material 161. Based on 
che results thus measured, the fine adjustment for the rotational 
center of the core was performed with the chuck. Furthermore, 
in order to adjust the diameter ratio of the core to the cladding, 
a finishing grinding process was carried out, using the wheel 173 
of #600 only, under conditions of the grinding depth of 0.05 mm 
and the feeding speed of 50 mm/min for the base material. Thus, 
the grinding process for the large diameter portion of the base 
material was completed- It took about 12 0 minutes for the 
grinding process for the large diameter portion. Trie resultant 
surface of the base material was quite flat, and comparable to 
base materials which were grown up at small deposit speed, so that 
the manufactured time period, even including the columned 
^ grinding process for taking uneven surface away, was shortened 
,j up to about 1/2 of the conventional method. 

ft Fifteen {15} base materials were ground under- the 

20 conditions described above. The base materials thus ground were 
y elongated to form preforms having the major diameter of 45 mm in 
□ an electric furnace, and then the preforms thus formed were drawn 
^ by a drawing device, and finally, optical fibers having the major 
3 diameter of 125 urn were obtained. As the optical characteristics 
of the optical fibers thus formed were measured, both of the 
eccentricity of the core and the connecting less were Indicated 
extremely small, in good conditions, as shown in Fig. 37. 



COMPARATIVE EXAMPLE 10 

A soot deposited material prepared similar to Example 12 
w^s installed into a furnace for dehydrating and sintering to 
vitrify, and a transparent base material was thus obtained. On 
the base material thus obtained, the uneven surface was still 
found in a spiral manner even after vitrifying. The maximum depth 
35 of the uneven surface was 1.2 0 mm. 
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The base material was mounted in a conventional manner on 
a columned grinder. The base material was ground in three times, 
using a diamond wheel of #60, under conditions of the grinding 
depth of 0.05 mm and the feeding speed of 70 mm/min for the base 
5 material while water-cooling at the grinding portion. Moreover, 
the base material was ground in one time, using a diamond wheel 
of #600, under conditions of the grinding depth of 0.1 mm and the 
feeding speed of 5 0 mm/man far the base marerial , and still further 
a finishing grinding process was carried out, under conditions 
10 of the grinding depth of o . 05 mm and the feeding speed of 50 rnm/min 
for the ; bass material. Thus, the grinding process for the large 
diameter portion of the base material was completed. 

; =,-= Ten (10) base materials were ground under the conditions 

J315 described above. The base materials thus ground were elongated 

J; to form preforms having the major diameter of 45 mm in an electric 

y furnace, and then the preforms thus formed were drawn by a drawing 

y: device, and finally, optical fibers having the major diameter of 

oi 125 jam were obtained. As the optical characteristics of the 

-20 optical fibers thus formed were measured, it was indicated that 

::: H the eccentricity of the core had large dispersion, as shown in 

□ Fig. 37. it was found that a cause thereof was the loose fitting 

^~ with the chuck at attaching the taper portions to the columned 

S grinder due to uniform shapes of the taper portions of end portions 

25 of the base material and therefore the attached position was 
displaced due to shaking during grinding. 

According to the present embodiment of the invention 
described above, although a base material is mad© of a soct 

30 deposited material formed under condition for likely generating 
uneven surface thereon, both end portions of the base material 
are ground to form taper portions and a orientation flat on one 
of the taper portion. Therefore, the displacement during 
grinding the outer circumference of the large diameter portion 

35 of the base material can be prevented. Moreover, the reference 
point in the circumferential direction is decided with the 
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orientation flat, and the grinding depth is adjusted in the 
circumferential direction., so that delicate bends of the cere 
portion generated at sintering can be modified, the eccentricity 
thereof can become small in good condition, and the optical 
5 characteristics are comparable to that o£ base materials formed 
with a slow depositing speed. 

An optical fiber obtained such than the base material thus 
ground is elongated to form preforms having the designated 
10 diameter and then the preform thus formed is drawn, can have the 
optical characteristics thereof in good conditions, especially, 
both of the eccentricity of the core and the connecting loss can 
be extremely small, 

;VJ|5 Apparent as described above/ according to methods for 

^ manufacturing base materials according to the present invention, 
Hj apparatus therefor and the base materials manufactured by the same, 
the base materials for optical fibers having the stable 
rf% characteristics can be manufactured with low cost, and therefore 
"20 it is quite variable for industrial applications. 

□ Although the present invention has been described by way 

;IT of exemplary embodiments, it should be understood that many 
g changes and substitutions may be made by those skilled in the art 
25 without departing from the spirit and the scope of the present 
invention which is defined only by the appended claims. 
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